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,KITICitJEI AND TO)(IC IU.STANCEI 

MEMORANDUM 

SUBJ~CT: Twenty-Four-Month Combined Chronic Oral Toxicity 
and Oncogenicity Study in Rats Utilizing Atrazine 
98.9% Technical [Ac·~ession Nos. 262714-262727) 

FROM: 

TO: 

THRU: 

. : . ~~ . . 
I ... I . I 

Henry Spencer, Ph.D. · {.l.l. · ·· illt.':;:· 7 

Section VXI, Toxicology Branch 
Hazard Evaluation Division (TS-769C) 

Robert J, Taylor, PM 25 
Fungicide-Herbicide Branch 
Registration Division (TS-767C) 

TOX Chern No, 63 

Albin B. Kocialski, Ph.D., Supervisory Pharmacologist 
Section VII, Toxicology Branch ~ _\ ~ 
Hazard Evaluation Division (TS-769C) 1"~~~\~~. ~ 

' . . 

The Ciba-Geigy Corporation has submitted the subject 
study in re~;ponse to the: DCI Notice of the Atrazine Registra­
tion Standard. The Data Evaluation Record (DER) is attached 
and the conclusions are as follows: 

- Atrazine was oncogenic in CD-1 Sprague-Dawley rats. 
An increase in carcinomas of the mammary gland was 
observed in females fed 70, 500, or 1000 ppm atrazine 
for 2 years. There was also an increase in the 
incidence of fibroadenomas/adenomas (1000 ppm) as well 
as all mammary tumors in females receiving 500 and 
1000 ppm when compared to controls, There was-a 
decrease in•.mean body weights of males and females 
receiving 500 and 1000 ppm. survival was decreased in 
high-dose females but increased in high-dose males. 
Red cell parameters (hemoglool.n, hematocrit, and l'ed 
cell count) were decreased in high-dose females but 
not in ~ales. The ser~~ glucose level was decreased 
in high-dose females at 3, ~. and 12 months and serum 
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triglyceride levels tended to be decreased in high­
des~ males throughout the study1 however, the toxico­
logic importance of the clinical chemistry findings is 
unclear, There .were decreases in organ-to-body weight 
ratios in high-dose anim~ls, which were probauly the 
result of body weight decreases. Hyperplasti.c changes 
in high-dose males (mammary gland, bladGer, and pros­
tate) and females (myeloid tissue of bone marrow and 
transitional epithelium of the kidney) were of ques­
tionable toxicologic importance, There was an increase 
in retinal degeneration and in centrilobular necrosis 
of the liver in high-dose females and an increase in 
degeneration of the rectus femorls muscle in high-dose 
males and females when compared to controls, BasAd on 
decreased body weight gain, the LOEL for chronic 
t.ox ic i ty in males and females is 500 ppm and the NOEL 
is 70 ppm. 

Maximum Tolerated Dose: 

An MTD in this study was considered to have been attained 
based on statistically significant body weight decreases 
in males and females. 

Core Classification: 

Core Minimum. The study can be upgraded to Coce 
Guideline if individual animal disposition data can be 
provided. 

The study results and con~lusions will be submitted to 
the ~oxicology Branch Peer Review Committee for an oncogenic 
evaluation and classification pending completion of the entire 
atrazine data base. 

Note: The statistical evaluation presented in the DER 
was o~cursory nature, The data are being more extensively 
evaluated and the final results of that separate evaluation 
will be submitted as an addendum to this DER, 

The more extensive evaluation is not expected to 
significantly z,lter the positive oncogenic outcome of the 
report. 

Attachment 
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DATA EVALUATION REPCRT 

TOX. CHEM. NO.: 
MRID NO.: 

STUDY TYPl: Chronic oral toxicity/oncovenicity study in rats. 

ACCESSION NUMBER: 262714-2627~7. 

TEST MATEriAL: Atrazine technical. 

SYNONYMS: 2-Chloro-4-ethylaf•1 no-6-1 sopropyl 1111 notr1u1 ne. 

~ HUMBER!Sl: 410-1102. 

1fgl~: CIBA &EI&Y Corp,, Greensboro, NC. 

TESTIN& FACILITY: ~r1can B1ogenics Corporation, Decatur, IL. 

IITLE OF REPORT: Twenty-four 110nth c0111b1ned chronic ors1 toxicity and 
oncoven1c1ty study 1n rats ut111z~nv atraz1ne technical. 

AUTHOR!Sl: Mlyhev, D. A., Taylor, 6. D., S.ith, S. H., and 81n8s, D. A. 

REPQRT ISSUED: April 29, 1986 • 
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CQNCLUSIONS: 

Under the conditions of the study, atru1nt wu oncogenic in CD-1 
Spragut-Dawley rats; an incrust in cucinomu. of tht 11111111ary 'gland wu 
observed in fiMilts fed 70, 500, or 1000 p~ atrazint for 2 years. There 
was also an incrtast 1r. tht 1nc1denct of f1broadtnOias/adtnOMas (1000 PPM) 
as wtll as all Mammary tWIOrs in ,,..,,, rtct1ving 500 and 1000 PPM whtn 
c•artd to controls. There , .. , a dtcrtiSt in ••n body wights of 111111 
and ,,..,,, receiving 500 and lOOO p~. survival was dtcrtastd in 
high-dose ,,..,,, but incrtutd in :.hith-dost 111111. Rtd ctll paralllttrs 
(htt101lob1n, h,..tocr1t, and red ct'll cour1t) wert dtcrustd 1n h1th-dost 
r ... lts but not 1n •ln. Tilt str• tlucoSt ltvtl was dtcrtastd 1n 
high-dost ftt11lts at 3, 5, and 12 110nths and stru. trivlyctridt ltnls 
ttndtd to be decrtastd in high-dose llllts throuvhout tht study; howvtr;, 
tht tox1colov1c illl!lortanct of tht clinical ch•htry findint5 1s unci;~·r. 
Thtrt wtrt -ttcrtuts in organ-to-body wtitht ratios in hith-dosa ani111ls, 
which wert probably the result of body wei~!lt decreases. Hyperplastic 
changts in high-dose llllts (111mn.ry gland, bladdtr, and prostatt) and 
fttlllts (IIIYtloid tissue of bont 1111•raw and transitional tp1tht11UM of tht 
kidney) wert of questionable toxicologic i~rtanct. Thtrt was an 
incrtan in retinal degeneration and in etntrolobular ntcrosh of tht 
11vtr 1n high-dost r ... les and an increase 1n dqtntrat1on of tht rectus 
fMOris 1111sclt in h1th-dost Milts and r ... lts when c~rtd to controls. 
Blstd on dtcrttstd body weight ga1n, tht LOEL for chronic toxicity 1n 
IIIllS and fiMilts is 500 PPM and tht NOEL 1s 70 PPI• 

• 
Core Classification: Core M1nilll8. Tht study can bt u~~tradtd to Curt 
6u1dtlint if 1hdividua1 an1 .. 1 disposition date ctn bt provided. 
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A. !!!TERIALS: 

1. ·Test CO!!I!oynd: Atrazlne technical; ducriptlon: a wlllte powd,,•, 
batch No. FL0821575; stated purity: 98.9 percent--contaminants 
were not described. 

2. Test Anlm~ls: Species: r~t; strain: Sprague-Dawley [Crl:C08S 
CD (SD) 8R]; age: 30 days at receipt end 37 to 38 days at 
Initiation; weight (MIDJ: 110-111 g for fltllles and 145-146 g 
for !!llts; source: Charles River Breeding Laboratories, Portage, 
MI. Anl .. 1s were acclln.ted for 7 to 8 days. 

B. STUDY DES!§N: 

1 
2 
3 
4 
5 

1. · $"11111 Asslq!!Mnt: An~lllls were assigned rand0111ly 
ol~ow1ng groups us1ng a cOMputer-rando.1zed program: 

to the 

Dose 
In Chronic 

Test Pitt Toxicity Oncogenicity IDl!rl! ~l,t1fl,ll 
&roup ( PPIII) ~Y~511:RYll ~Y~IJ:2YR ..If !!Ill' F 1~ !!!!!·0 

" F II F II F 

Control 0 20 20 70 10 10 10 9 10 
Low (LOT) 10 20 20 50 50 
llld low 70 20 20 50 50 
llld (IIDT) 500 20 20 50 50 
High (HOT) 1000 20 20 70 70 10 10 10 10 

1The chronic toxicity anl .. ls were prl .. rlly for clinical laboratory 
analyses. 

bThese rats racelvld control diets for 1 .onth prior to sacr~flce. 

2. Diets wera praperld wekly and prasenttd to 
days of praparat~on. HoMogeneity and stability 

prior to strJdy Initiation and diets wra analyzed 
concentration of 'etst callpOund. The test •tertal 

so assawed .onthly to deter.tne tts stab111ty. 

111Kl1l: The test .. terlal wes stable throughnut tht study; the 
iiii!Tt2 SO) purity wes 95.9t:2.3 (range, 9li.3-9B.O) percent. 
Hollogent1ty ws acceptable and the concentration of the test 
•terlal racoverld ,,. the diets after 2 weks of storave at 
llllllent t..,.ratura wes greater than 92 percent. Mean concen­
trations of the ~est .. terlal In d1ets for 25 1nttrva1~ of 
analysts and at 15 percent confidence 11M1ts (t:2 SO) were 
9.90t:O. 79, 70.2t:3.0, 503t1!1, and 999t:35 Pllll for n011tnal 
levels of 10, 70, 500, and 1000 pJIII, r&~pectlvely. 

5 
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3. An1111h received Purina cert1f1ed Rodent Chow No. 5002 (wtth or 
without test COftiPOUnd) an~ water n Hb1tl!!l· An11111S wtre caged 
1nd1v1dua11~ 1n teiiiPerature- and hunt1d1ty-controlled rooe~s where 
the atr was filtered throu'lh HEPA and charcoal. · 

4. stlt1st1cs: &ody wt1\lht, food cons1111111t1on, cl1r•1c•l pathology, 
an organ weight data. were analyzed by ANOYA and s1gn1f1cant 
dHferencts exant1ned by Tukoy•s (equel popullt1ons) or SCheffe's 
(unequel populet1ons) tests for .ulttple CQIPir1sons. Non­
pere•tr1c dttl were analyztd by the ltrusktl-wtllh tnt. 
Surv1vtl was extlll1ned by the Cox-Terone test using 11ft ttblts as 
wtll as b~ tht nonper ... tr1c-renked score test of Gthtn end 
Breslow for trend and heterogeneity. Graphical evaluation of 
survival was dtttnl1ned by ltaplan-Mt~r product-11•1t est11111'cts. 

Nonneoplastic 1nc,dencliS were evalueted by the Cochran-Am1tage 
trend test and tne F1sher-Irw1n exact test with the Bonf11·ron1 
a~justllltnt for s1yn1f1cance level (P • 0.05/4, 0.0125). 

SOM neoplastic incidences were analyzed by the 1111thod of Dinse 
and Lagakos 1 because of observed intercurrent 1110rt111ty 
differences. This .. thod allows delineating the effects of 
dose· ll age on provalcnct; continuity corrections were eppl1ed. 
Where appropriat<J, aden0111s and carcin11111s were cOIIIbined (and in 
so.. cases hyperplasia) for analysis; carcin11111s alone were also 
eveluated. Analysts of p1tu1tary tu.ors 1n ft~~les cOMbined 
aden01111 and carc1n0111, and both prsvalence and lHe-tabh 
antlySIS wtrt ptrfonltd. 

5. A quel1ty assurence statt~~nt was stgn~ and dated Aprtl 29, 1986. 

C. METHODS AftO RESULTS: 

1 

1. Ol!st~"~tons: All ant•ls were ollserved tvtce datly for 
110rta y, .orb1d1ty, and overt toxtc signs; individuel an1Mih 
wtre ex .. 1ned weekly •nd palpated for tissue .. sses. 

,,,,lts: There was an increase in the incidence of tissue .. sses 
n .... lts rvce1ving 70, 500, or 1000 p,_ (Table 1). Irrtteb111ty ...... .,w-·:t en increased tncidenu tn •les rtCetvtng 500 p.-

E). 1M 1000 PPII (n•2i) when CCIIIPII'td to c10ntrols (n•13). 
. ·s4gns of toxicity wre those c-nly sttn in rats and wre 
·. stlltltr incidence in both dosed tncl control groups • 
. ··; ~~"!';: · .. 

Mortt11ty and percent survtvtl It selected Intervals ere s-­
rtztd tn Table 2. In •Jts, survtvel was increestd 111 1 dose­
reltted MDner (p <0.003, usint the Cox Ttrone test) en.:J was 
s1gn1f1cently higher 1n .. los receiv1ng 1000 ,_ when ca.partd to 
controls (p • 0.0055, ustng pati'W1se COIPirtson). In contrtst, 

D1nst1 6. E. end Legekos, S. w. (1913) Regression 
preve11n:e dttl, J. R. Stet. Soc. ~'itr. 32:23i-241. 

IDiltstS of tUMOr 

6 

t ltsl lVAillll£ COPl J 
8 



' • 

005940 

TABLE 1. Palpable Tissue Mdss Observations in Rats Fed Atrazine for 2 Years 

Nymbtr of Animals with Mfss 

DS!II LIXI] 'II Rill !IIlii E••111 
L')cation 0 10 70 500 1000 c 10 70 500 1000 

AbdOMn 19 21 17 19 22 33 36 40 52 58 

Axilla 0 1 0 0 0 2 :!· 6 9 9 

Chest 2 0 1 4 2 10 '14 18 27 32 

Perianal 0 0 1.' 2 0 4 2 4 20 15 

Peri neWI 5 1 1 2 1 fl 14 23 20 35 

Back 6 4 5 8 1 ... 2 3 2 12 

S1dt 2 3 0 1 8 19 21 31 3e 47 

-~ 
·~ .. 
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TABLE 2. cumulative Mortality 1nd Percent Surv1v1l1 at Selecttd 
Intervals 1n .Rats Fed Atrez1nt for 2 Years 

!atlll!~~ '~l['l"t ~y[vjvlll IS ~~~ 
Dose Group 

( PJNI) 52 78 Tel'lll1nat1on 

l!llU. 

0 2 (97) 13 (83) 40 (44) 

10 3 (96) 11 (84) 37 ( 41) 

70 3 (96) 10 (86) 31 (56) 

500 1 (99) 10 (81i) 30 (57) 

1000 1 (99) li (94) 23 (li7) 

Fwles 

0 2 (97) 11 (84) 35 (50) 

10 5 (93) 11i (71) 39 (44) 

10 0( 1 00) 12 (13) 40 (43) 

500 2 (91) 13 (81) 44 (37) 

1000 2 (91) 1l (71) 52 (26) 

1Ptrctnt Surv1¥11 was based on 70 rats/sex/group except for control .. 1es 
(n•11). · · 

·~ .. .;..·~:.;.'. . . 
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survival In ftlllllts wu decreased In a dost··rtlattd 1111nner, 
(p value for a negative trend • 0.0016) and was slgn1flcantly 
lowar (p·• 0.0042) In hlgll-dose ftllllts When COfiiPirtd to controls. 

2. BoMv Htlgllt: Rats wert weighed weekly for 13 weeks and 1110nthly 
thereafter. Body weights It scheduled ucrHiets were dtttna1ntd 
for fasted animals. 

,.t~ltl: Reprtstntatl~t body weight data are su.~~rlztd In 
a t • lltan body weights wert significantly depressed In both 

Milts and ft111lts rtctlvlng 500 and 1000 PPII with tht txctptlcn 
of tht Mtan vetghts of MiltS tn tht last 2 .onths of tht study. 
Tht 24-~anth weight gain in tilt hlgh-dost anl .. ls wes 76 percent 
of control for tilt lllllts and 64.5 percent of control for tht 
ftllllts. In tht recovery groups, thn weight gatn for MOnth 13 
for 111les previously rece1vlng 1000 PPII was 63t14.6 g, COIIPirtd 
to 20tp.9 g for controls (P ~0.01), and for ft111lts previously 
rtcelvtng lOCO'ppm It was 56t31.6 g, co.partd to 16t11.9 1 
for controls (p ~0.01). However, tht Mtan weight at 13 1110nths in 
these llllts VIS still significantly (p !0.01) lower tnan controls. 

3. Food Cons•ppf1gn ,nd Cggpgynd Intake: Consu.ption was dettrMintd 
and Mtan dl ly d at conSUIIPt\on VIS CllCUltted. [fflcltncy and 
COIII)ound intake vert calculated fr011 the conSIIIIIPtfon lind body 
weight gain data. 

Rtsy]ts: Rtprtstntat1vt food consUIIIPtion data art s.,...r1xtd In 
Tablt 4. Food consuMPtfon values wert significantly dtcrtastd In 
•ld- and hlgh-dost .. 1ts for the first 13 MOnths, for the •id-dose 
f ... lts for tht first 12 ~'ltks of ~he study, and for tht h1gh-dost 
ffltll'lts for tht first 6 MOnths. No si,;nHicant d1fftrtncts In 
fooa · consUIIIPtlon wert noted In rJcovtry •lts or r ... 1es during 
MOnth 13, although thtrt '""" significant increases in weight gatn 
in Mtle and t ... l• groups thtt had previously received 1000 pPif, 
Food tfftcltncy was sl•t1ar In dosed and control groups. 

4. ~: Ophtlla1M01ogtc exaMinations wert ptrfomtd on 
Cciiitriiriiiirh1gh-doSt rats prior to study in1t1at1on, pr1or to 
sacrtftct at 12 and 13 •11ths, and prior to terMinal sacr1flct. 
'·-~"·,' ..... 

... ' : Tlltrt wrt no advtrst f1nd1ngs at the lnterl• sacrl-
. ·Tilt changes sttn at terMinal sacr1flct, •tld ktrat1t1s, 

ulartty, or cataracts, wert considered dut to use of ••rtd food, to orb1ta1 bleeding, or to aging. These finding 
occurred at a s1•11ar fl'tCIUtncy In control and htgh-dost ·•lts 
and f ... les; 

s. llgod '•r•t•r.1: \ Blood VIs collected btforv trtatllltnt and at 
3.._nth ~te"als for h .. tology and cltntca1 ch•htry analysis 
fro. all su"tvtng an1Mtls tn the chrontc toxtctty subgroups 
( 1n1tta11y 20/Stx/group). It was also collected fro. 10/stx tn 
the control tnd htgh-dost groups scheduled for sacrtftce at 12 
and 13 Mnths. The CHECKED (II) par .. ters wert txu1ned. 

' lEST AVAIUIL£ capy 11 



-<-J' ... ,. 
' '" • . • .. . 

005940 

TAIL.t: 5. Mean 8od:t Weights •t S.l....t.d lnt.n•ls In Rata F.-I Atr••lne for 2 YHM 

- L..lw llolah+ t&+CI'II at w..k 
IIDML• .. I 

(ppo) 0 I " 26 52 11 104 

llt.la 

0 146tll.2 212tZI.5 ,2t ..... 1 657:1:.63.1 n7tf1.4 767:1:110.7 104:1:124.7 

10 146:1:11.2 21l:l:l9.7 541:1:47.2 646:1:71.2 757tfl.4 115:1:1)9.5 759tl40.5 

70 146:1:17.6 20Ptl9.0 ,16:1:41.6 1117:1:.61 • 0 71Jtl2,6 779:1: f7,2 742:1: 97.7 

!100 145:1:11.0 199:1:19.3" 467:1:)9,,.. 54tiY.f.6H 635:1:70,3H 671:1: 95.4 .. 646:1:119.4 

1000 145:1:17.2 188:l:lll.tH 456:1:U.6H 508:1:42.5" 57U52.1H 610:1: ...... 572:1: 97.01 

fwln 

0 110:1:11.1 154:1:14.1 Zl3:tz7.1 '*"·0 401Ht.3 467:1: 95.2 .t91;:1:10S.7 

10 111:1:12.1 155:1:13.1 Zl2t25.2 321t)9.7 404:1:.67 • z 475:1: 95.1 477:1:132.6 

70 111:1:11.3 155:1:13.2 275:1:26.0 524:1:31.1 405:1:.67.2 471:1: 19.4 aotl06.1 

!100 111:1:12.4 145:1:1},3H 252t10.3" ?.ltt26.4" J42t4Z .... 571:1: 75.7" 402:1:106.1 

1000 111:1:12.2 I )9:1: II , 2M 2)9:1:21.4" 271:1:27.4" 301t".IH salt "·I" 561:1:11.1• 

es11111flortly 411t.Nnt f,_ .mol v.l• Cli!O.OSl • 
... lllllfluntly ollff..t fnM .m.l.vel• CP!O.Of). 

~---.;. '" ' 
;il'L 
~"~f: . ~r:.: . 
.. 

• 
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TABLE 4. Food Consumption Data at Selected Ir.tervals ln Rats 
Fed Atrazlne for 2 Years 

DlllK MilD Fgg~ CRDIYmlljgo (glra~l IS·~IIk 
Dose Level 

(ppm) 1 13 26 52 78 104 

l!lll1 

0 . 22.2 27.2 27.1 2!i.7 ~4.5 22.2 

10 22.1 2!i.6 26.9 27.2 25.9 23.7 

70 21 .4 26.1 26.2 26.6 24.1 22.S 

500 19.7"'* 24.1** 24.6"'* 25.3 23.0 22.1 

1000 17. 1"'* 22. 7'1r1r 23.4"'* 23.8"'"' 23.2 21.0 

F!Ml!S 

0 17.5 18.1 19.7 20.7 18.8 11.1 

10 11 .a 18.3 19.3 20.5 20.2 17.4 

70 17.9 11.0 19.6 20.0 19.1 17.3 

500 16.11r1r 11.0 19.1 20.0 17.9 1 a. 1 

1000 14 .4" ,,,, .. 18.4"' 19.8 17.8 16.5 

"'S1tn1f1cant1~ d1fftrent frOM control va1ut (p !0.05). 
HS1tn1f1cant1~ d1fftrent frOM control valut (p !Q.Ol). 

·f.~J..,:;a:1;.;..·· .. ·····. 
~l;:-: 
~·· ··~ I' 

··:·~·- . 
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1. Hwtplpqy 

X H..atocr1t (HCT)t 
X HeMOglobin (HGB)t 
X Leukocyte count (WBC)t 
X Erythrocyte count (RBc)t 
x Platelet countt 
X Coagulation time 

• • 

X Leukocyte differential count 
x Mean corpuscular HGB (MCH) 
X Mean corpuscular HGB concentration 

(MCHC) 
X Mean corpuscular volume (MCY) 
X Heinz bodies 

In f..ales receiving 1000 PPM. significantly lower mean 
, and HCT were noted at 6, 12, and lB MOnths When ca.pared 

t.o controls (Table 5). The values were sOIIIW!Iat depressed In 
hlgll-clost ftllllts at 24 MOnths, however, only four ftftlllts were 
used for clinical studies. RIC, HGB, and HCT were also decreased 
In the 10 f..ales receiving 1000 p~ and scheduled for sacrifice 
at 12 MOnths. The values approached control levels at l3 10nths 
In the lOOO•pPfll recovery group. All values for parameters In 
dosed llllts were sl111lar to thost In the control groups with the 
exception of an Increased mean platelet count at 6 months In rats 
receiving 1000 PPII· Increased platelet counts were also seen at 
6 and 12 MOnths 1n ft111les receiving 1000 PPM· 

b. C11n1ctl Chll1stry 

Electrol9'' 
X CalciUM 
x Ch1or1det 

Magnes1111t 
x Phosphorust 
x Potusl•t 
X Sodl•t 
IQIWI 

X Alka11~t phOspllataso · 
Cholinesterase (RPr. and 

ser•) 
Creatinine pllosplloklnaset 

other 
X Albllllnt 

Bl~:'od creat1nlnet 
X Bhod urea nltrogent (BUN). 
x Cholesterolt 
X &1obu11ns and A/8 ratio 
x Glucoset 
x Total blllrublnt 
x Total protelnt 
x Trlglycerldes 

Lactic ac1d dallydrogtnast 
X Sera~ alantne .. lnotransferast (also SGPT)t 
x 111 •··•spartltt .. lnotransferau (also SIOT)t 
X ._... tlttelrl transpeptldast (liT) 
x .,_ttM pllospllok1nase . 

~~@] _ .... 
'q~ .. 
bultJ.: The 1eve1 of sera~ trlglycerldes In hlgll--dost ·Mlts 
~ general, lower thin control values throughout the study 
(Table 6); however, tilt decrease was significant on1y at 6 MOnths. 
In groups iCIItduled for tile 121011tll sacrifice, tilt level In 
lllgh--dose ~les (103.10t4l.l1 .. /dL) was sltn1f1cantly lower 
(p :!1).01) tllan In CClltrol Mlts (221.30tt5.44 .. /dL). At tilt 

tRec-nded by Subdhh1on F (October 11U) guidelines hr cllronlc 
studies. 

12 14 



. 

• • 
005940 

TABLE 5. Selected Hematology Data on Female Rats Fed Atraz1ne for 2 Years 
. 

Dietary Lcvel (ppm) 

. Para~~etlr/ 
Monthly Interval 0 500 1000 

£rythrocytes (106tm.3) 
3 7.74t0.30 f20~ 1 7.6u0.41 For 7.40t0.27 f20l 
6 7.43t0.39 19 7.17t0.33 20 6.84t0.41"* 20 

12 &.74t0.39 (19) 6.14t0.81 (18) 5.95t1.13• (18) 
18 7. 72tl.OO (17) 7 .04t0.63 (15) 6.29t1.09 .... (12) 
24 7. 20tl. 21 (8) 6.14t1.43 (6) 6.36t0.90 ( 4) 

H~glob1n (g/dl) 
16.33t0.59 (20) 3 16.23t0.66 (20) l5.16t0.59 (20) 

6 15.70t0.77 (20) 15.29t0.65 (20) 14.66t0.84 .... (20) 
12 13.55t0.80 (19) 12.63t0.98 (18) 12.15t2.19• (18) 
18 14.18t1.64 (17) 13.19t1.22 (15) 12 .13t1.86• ( 12) 
24 13.60t1.62 (8) 12 .12t2 .01 (6) 12.30:t1.21 (4) 

H ... tocr1t OU 
41.52t0.84 (20) 40.26:t1.58 (20) 3 41.86:t1." (20) 

6 39.46:t1.89 (20) 38.50t1.90 (20) 36.91t2.18'""(20) 
12 42.04t3.03 (19) 39.08:t3.73 (18) 37.53:t6.73• (18) 
18 42.98t4.87 (17) 39.79t3.40 (15) 36.46t5.41• (12) 
24 42 .06t5.11 (I) 37.68:t6.54 {6) 38.08:t3.35 (4) 

•s1gn1fir.:;. ··~1·1 different fro~~ control valua (p ;S0.05). 
"*Sign1fica"'~·;, different fi'OII control va1ue (p S,Q.Ol). 
1The n-.1".£ of aniMh included 1n calculation of the •an tSD are than in parentnes.n. 

15 
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TMLE 6. S.noo Trlglprlde Le .. ls (t$0) In Mel• !lets Fed Atrealne for 2 T ...... 

IICII If: 111151"1 !i1 Lave I t.a/d..l It Jbith 

o-. Level 
(Pill) ' 6 12 · II 24 

0 91.37t 64.16 I,.Z6t •• , 221.05tl45.16 210.12ti9Z.71 141.11U 12.» 

10 1os.m, 6Z.zt 147.74t 91.61 241.16tiOJ.8 m. 75tl24." 120.* 54.49 
' 

70 •• ,t ,,64 125.15! 14.17 Z51.3ztl49.51 2J2.13ti4S.41 211.Sitii6.!1S 

!100 62,21.t 14.42 17.21t 66.94 171.111t 51.52 171.1'2: "·" 141.7St 64.90 

1000 ss.oot 14.56 56.55t 11.12" 110.45t 4S.OI IJS.oot 59 •• 107 .15t 62.45 

1$1•1 fiCMtly Ill ffe...nt frw control we lUll (p :!!),05). 

lG 
14 
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13-~anth sacrifice, the triglyceride level was si•ilar in control 
Milts and thou that had previously received 1000 PPIII etrezine. 
In f~les,· glucose levels were decre«sed (p <0.01) in the 
hiyh-dose group et 3, i, an6 12 .onths when cQ~Pared to controls 
(Table 7). Other changes 111 clinical . ch1111stry paralltters 
occurred sporedicr.lly in high-dose an,Mls end vert not 
considered CQ~Pound releted since there were no l!ttterns 
consistent with dose or ti ... 

6. Urinelvsts: Urine was collected fr1111 fested ani111ls (chronic 
toxicity groups) at 3, i, 12, and 18 .onths and prtor to 
tel'lllinetion. It was also collected fro~~ eni•ls of the control 
end high-dose groups prior to secrifice et 12 and 13 MOnths. The 
CHECKED (X) paraM~ter' were exe•i~ed. 

X Appearance+ 
X .VoluMI+ 

X 81ucoSI+ 
X Ketones+ 

X Specific gravity+ 
X pH 

X 8i11rubtn+ 
X Bloodt 

X Sediment (•1croscopic)+ 
X Protein·~ 

X Nitrate 
X Urobilinogen 

Resylts: Urinelys1s dete in dosed groups vere cOMparable to 
control data and within the norMil ranges. 

1. Sfcr1f1ct epd Pathol~: All tn1•1s that died or wert sacrificed 
on schedule were sub ect to gross petl'lologictl exe•tnatton end 
the CHECKED (X) tissues W'~ collected for l!tstologtctl exiM1nt· 
t1on. Tbt fiX) praaga 1n ,,ddttten wrt wtghtd. 

ptgtattyt syst11 
Tongue 

x Salivary 'lands+ 
x Esopllttus 
X St-cht 

(3 lrtiS) 
X Duocltn•+ 

: ~;=rt. 
X Ctc •. 
X Col ... 

x: ~r!f 
U sections) 

1111 ~,.,der+ 
x Pancreas 

ltaptrat'rx 
x Treclltl 

Ctrd1oJI''·'HIIIt. 
Aorta 

X Htlrtt 
X 1o1te •rr"Wt 
x L-" nodes+ 
X SplHnt 
x Tllw-as+ 

YCM'"''t' XX K1dnep 
x Urinary ~ltdder+ 

lll Testes+ 
XX Ep1d1dw-1des 
XX Pro,tete 
X S..tna1 vesicle 

lll OVaries 
x utervs/cervix 

x Lullfnro~~cllt+ •71-;'tl;'·.;, •
1
, ,. i ~ 7-:i;;_::.-1 

g ,,, i\th f .. fl"··r-. -!·\·' .. 1 
--------~ ................... -··--· ·-··- ...... , . ~"'"··· 

ltynlpts 
XX lra1n (3 levels) 
X Ptr1pherel nerves (sctate)+ 
x Spinal corG (3 levels) 
X Pttuttary+ 
X E~st 

llagtlyl'r xx Adrene s+ 
Llcrt•l gland 

X ,.._ry gland+ 
x Ptrethyrotds+ 

u Tllrrotdst 

X 'II (f ... r) · 
x and lloftt • rrow+ 
X Sktlettl IUiclet 
x Sktn 
X Mlrdtrtan tltnds 
X A11 tron lesions 1nd ..... 

'•ec-ndM ~J SuWhhton F 
studtt\. 

17 
(OCt.-er 1111) tutdtltntQ for chrontc 

11 
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18 
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TABLE 7 •. Serum Glucose Levels (mg/dL) 1n F-le Rats 
Fed Atraz1ne for 2 Years 

post Ltywl (pp!l 

0 

135.95t 14.91a 

148.79t 15.31 

127.16t 20.52 

121.80t 14.82 

112.18t 29.75 

112.06t118.40 

1000 

117.25t 12.16* 

129.79t 20.40* 

103.50t <!2.74* 

99.70t 19.32* 

104.00t 22.28 

88.25t 20.01 

*S1gn1f1cantly d1fftrtnt fro. control v1lut (p ~0.05). 

aMt1n t st1nd1rd dtY11t1on. 

bR1ts (10) fro. the oncogtn1c1ty group scheduled for 1nter1• s•cr1f1ct • 

... 

16 
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Rtsults: 

a. Ofqan Wt1qht~: The absolute weight of liver and kidney in 
h gh-dose ml es sacr1ficed at 12 110nths was significantly 
(p i0.05) lower than controls. The .ean weight of tha liver 
was 14.71t2.81 g for tha high-dose group and 19.70t3.46 g 
for the controls; the .ean weight of the kidneys was 
3.67t0.40 g for htgh-dost .. 1es, compared to 4.39t0.58 g 
for contra 1s. 

At 24 MOnths, the . .ean absolutt wetgllts of 11vtr and kidney 
1n high-dose malts wert lower than those of controls, but the 
dtcreue was not stat1st1ca11Y significant. 'P'trt were no 
other changts 1n absolute organ weights of .ales and f ... les. 

\· .. 

There were several 1ncrtasts in organ-to-body weight ratios 
1n high-dose ani.als that were significant (p i0.05) when 
compared to controls but they were not accompanied by changes 
1n absolute organ weights. These changes were the result of 
decreased body weights. At 12 MOnths, the organ-to-body 
wetght r•tios for bra1n and kidney were inc:reased in high-dose 
Milts; at 13 110nths, the ratios for brain, kidnty, and testes 
were increas141 and at 24 MOnths the l'ltios for brain and 
testes wre increased in high-dose Milts. In higll-dost 
fiMilts, the orgtn-to-boely Wli~ht rttios for adrenal, brain, 
kidney, end ltver were increased tt 12 and 24 MOnths. There 
was. en incrtast in tht overy-to-body wtght ratto at 13 
MOnths tn the recovery group thtt had previously rtcthtd 
1000 PPII· 

b. For MOSt organs there were very few gross 
at necropsy. Thtrt wre no nottblt 

tbnorMaltttts at the 12- end 1310nth 1nter1• ·.:acr1ftcts when 
lltgll-dose rets wre c.-r141 to controh. In tile Mltn study, 
there ws tn tncrused tnctdenct of tllfiOI'Ml pelvic contents 
1n tilt ktdners of lligll-dose Malts (10165) wtltn COIIIIIIrtd to 
controls (4167). In fiMilts, tllere wre •- tncretsts tn 
tilt 1nc1dtnct of ••••• tn tilt tlldaltntl, thortctc, and 
tx1.11ary regtons tn rtts rtet1v1nt 70, 500, end 1000 Pllll when 

.· ... ~ ··:..-ctiiPIN to controls. Correlttton of gross end •tcroscoptc 
'= ..• ftlldtnts 1nd1Cit141 tllat MOlt of tilt Mlllts were -ry 
.:.: t .. n. "'"" found on wttkly pe1pattons were correltted 

~til trots ftnd1nt for all 1nd1vtdual •1ts and all lltgll-dose 
ftlllts. An txctlltnt correletton ws found (Itt Dtscusston). 

c, 11cratcM1s PltDgJm: 

_.,Mt~a.;tl4l:s-ry of seltct141 nonn..,lutic tn Ttllle 1. Seftl'll pro11fel'lt1ve 
occurr141 til t11Creas141 frequencr in etl'lzine-

dts141 !'Itt. Acinar llr~~tf'llllltl of tile -ry tltnd and 
tPitlle11el llrPef'llltsit of tile prostlte were 1ncreu141 in 
Miles rece1Ytnt 1000 111111 wtlen c ... r141 to controls. In 
fiMilts I"Kehtnt wo or 1000 ,.- tlltre ws en 111Crell141 19 

n 



>• 
-.·.:..-. 

• 



• • 
005940 

•' ,, 

inc1dtnce of IIY•lo1d hyperplasia in the bone 111rrow of 
both the ftn111r and sternunt. ' It WIS reported that the 
bont 111rrow changes, IS ~11 as an increese 1n extra­
Medullary he~~topo1esis 1n the spleen, wtrt sequellae 
related to 111..ary f1broaden0111s and adenocarcinDMis. 
Tht 11Ytlo1d hyperplasia WIS characteriztd by a decrease 
in the nuntber of fat ctlls in the 111rrow and an increase 
in h1111topoietic tissu,,, particularly cells of the 
granulocytic series. I1:. fK;'!1ts receiving ' 1000 PPII. 
there WIS also an increased incidence of h~erplasia of 
the transitional epithelh• of both tht kidney (p <0.01) 
and urtnary bladder (p >0.05). Ttte tnctdence of calcu11 
in the renal pelvis in high-dose .. 1es was increased 
c01111ared to controls. Muscle degeneration (f1110ra1 
IIUSClt) Wls found in both high-dose 111les and f .. les. 
Retinal degeneration was increased in both dosed 111l1s 
and flllllts; the incidence being sign1ficantly (p ~0.05) 
higher in the high-don flllllts than in controls. In 
htgh-dose fe~~~les thtrt was an tncrer,se in coagulat1vt 
ctntrolobular necrosis tn the 11ver. Tttere was a slight 
increase in chrontc pododer.at1t1s tn flllllts recehtng 
500 and 1000 PPII (16-171) vhen c011111red to controls (ll) 
but the incidence was •ch lawer than tn all groups of 
lilts including controls (3G-311). 

2. lpop1ast1c: Table ~ su..arizes the neoplastic lestons 
found in rats that dted fi'OII •nth 13-24 or were s~er1-
f1ced at terMination. Tttere was an increased tnctdenct 
of .._ry adenocarctna~~ tn r .. liS recehtng 70, 500, 
or 1000 PJIII atraztnt and an tncrease tn fU1roaden011 tn 
htth-dose f-las. Stvtral ,,., .. had •lttple -ry 
t._rs. Ttttra ws also an tncreast tn adtnocarctna~~ tn 
htgll-dgst , ... ,,s at tho 12- and 13-..ntll tacrtf1cts 
(Talllt 10). Stathttcal analysts ~ tho report uthors 
tnclllded all •~l•h on study an1 111d 11fe-talllt 1111lysh 
and patrvhe CCIIIPirhon w1tll tho Cox-Tarone tnt and 
llflln-lre111ow test. -Those res1lts are tncllldld tn 

· .. ·. ~-- -· 

Talllt 10. Tlltre were stathttcally sttntftcant tncreests 
(II CO.OI) tn carctn._s for , ... ,.. rect1v1ftl 70, 500, 
and·Jooo ..,_ atraztnt, tn adtftOIII and f111rotdtn011s for 

-._~-

I -

f•lll recetvtftl 1000 ..,_, tnd tn total -I"Y t.-ors 
1 n f•liS rect1Y1 111 100 and 1000 111111· Tlltre ware 
sttntffctnt (p <0.00005) pos1t1ft llost trends for all 
tartt Cltlf0r1tl (llrtOIII, ftll,...lfttlll pliS ldtnolas, 
IM Ill -ry t._rs), 

D. SWAT M'!"'" C''Sb!ISIP': 

Atraztnt ws oncotentc tn f-lt CD S,retw-llwltr l'lts. Tlltrt were 
tncreesld tnc,.ences of -I'Y carc111011s at 70, 100, and 1000 !111111. 
all -ry t .. rs at 500 and 1000 lflllll, and of -rr ad....-· and 
f111rotdtft011 It 1000 ppM. Survival ws s1tn1ftcantly h1thor 1n Illes 

lt 
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TML£ 9. .... l .. tlc L .. IOIII In R.lts Feel Atrazlne for Z Yean• (tantlllllecl) 

o•ma l.nt' '" 

!IIIIa '-Ia 
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m. t I I I I 0 Z9 29 , • 42 ,.,I_ 0 0 0 I I I 0 I I 2 

Carel-• 0 0 0 0 0 0 0 0 0 2 
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Llpa~~ 2 0 0 0 0 I 0 0 0 0 
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TABLE 10. Ml~ry Tumors 1n Ftme1e Rats Fed Atraz1ne fGr 2 Years 

Post Ltytl <pnl 

0 10 70 500 

12jlpntb sacr1f1ct/dtttfts anfc 1Qr1bynd saer1f1cts at 0;13 ~pntbs 

No. ttssues exa•tned 
Adenocarc:1n0111 
F1broaden0111 

l3=!pnth sacr1f1st 

No. t1s~ues exa•tned 
Adenoc:a•·c 1 n0111 
Ft broadtlll)llll 

12 
0 
0 

10 
0 
0 

5 
1 
0 

1 
1 
1 

5 
0 
1 

Itr•1na1 sacr1f1ct/dtetbs and 19r1bynd sacr1f1sts at 13-24 !9Dtbs 

No. ttssues ex .. tned 66 64 
No. rats--adenocarctn..a and 

carctnosarcOMI 15 15 
No. of adenocarc1n0Mis 17 22 
No. rats--ftbroadenOMI 29 29 
No. of f1broaden011s 37 46 ,.._ry tUMr-lleartng rats 35 3t 

All en1111a gn atydy 

No. of ttuues .. " caret nOMs 15 16 
AdenOMis and f1broadtn ... s 2t 2t 
All t...r ,.;:, ..... 35 40 

·' .. 
9 P.~,~· $.~ ~~Teront 

,. 1111111 ll'lslow 

Aden011s and f1broaden ... s--Cox-ierone 

All tUMrs--cox-Tarone 
-ltllln-ll'lslow 

•values dtffer fro. those tn ftnal report by 1. 
bL1fe-tab1e analys~s. pa1rw1se COMPtr1son. 

;' 
\ 

22 

.. 65 

26 27 
42 41 
35 38 
41 11 
47 47 

.. 70 
27 27 
36 3t 
41 41 

0.0454 0.0071 
0.0210 0.0011 

0.0615 

0.0071 
0.0050 

1000 

15 
3 
1 

10 
5 
2 

65• 

37 
64 
42 

" 5s• 

19 
45 
46 
i5 

<0.00005 
<0.00005 

0.0004 

<0.00006 
<0.00005 
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receiving 1000 ppM and significantly lower in f..ales receiving 
1000 PPII than in controls. There was a significant dtcrtnt in body 
weight throughout the study for 111les and f..ales in the 500- and 
1000-pllftl groups. Food consuiiiPtion was decreased in llllts receiving 
500 and 1000 PPII for the first year o~ the study, for f..ale~ 
receiving 1000 PPII for the first 6 110nths, and for f..ales rece1v1ng 
500 PPII for the fl rst 3 110nths. Rtd cell paraMters wtrt dtcrtntd 
in f..alts receiving 1000 PPM but not in Milts. Glucost was dtcreastd 
in 1000 PPII f..ales at 3, 6, and .12 110nths and triglycerides. wert 
dtcrentd in 1000-pllfll 111les at · 3 and li •nths. Nonn.oplastic 
findings were 11taittd to an1Mls receiving 1000 pllfll. An increase in 
•Millry actnar ctll hVPtrplasia, k1dney calculi, and ep1the11al 
hyperplnia of the prostate in high-cl~se •les MY bt associated with 
increased survival in this group. Retinal dtgeneration and centro­
lobular necrosis of the liver were incrtastd in high-close f..ales: 
there was an increase in degeneration of the rectus feiiOris muscle in 
high-dose lll!les and f..ales. Increntd occurrtl!.ct of trantitional 
cell hyperplasia in tht kidney and bladder of high-dose flllllts was 
of questionable s1gn1f1canca. Tht IIOEL for thronic toxicity was 
considered to bt 70 PPII atrazint in the diet. 

E. REVUN£RS 1 QISCUSSJON ANQ INTERPRETATII!ft QF BESULU: 

In agrt ... nt wttll tilt report authors, we assess that atrazint was 
carcinogenic in f ... lt CD rats, causing an increase in •..ary 
adtnocarc1no..s at dietary levels of 70, 500, and 1000 111111· Tilt 
report authors found a high level of statht1ca1 significance and 1 
positive dost-rtlattd trenc' . (p <0.00005) vi til both tilt Cox-Tarone 
test and the ltllan-lreslO\· t~st using life-table analysts. The 
concurrent control incidence of -ry adtnocarc1noa ( n .051) was 
s-.vt~at higlltr than tilt ••n value for four nthtr studies (1.5 
percent, range 3,1-11.1 percent) ptrfo~ by tilt testing labOratory. 
Tflt biolot1ca1 111(10rtance of the s1tn1f1cant increase 1n ..,..ry 
adena.~ plus fibroadeno.a in high-dose f ... lts (p • 0.004) ts not as 
cltar as tlll.t of the adtnr>earcinOIIs. Tilt concurr.nt control 
tnctdtnct of fibroadenOII (zt/11, 33 percent) is slightly lower than 
the htstortcal 1nctdtnct for the laboratory ( .. an 41.4 percent, range 
of four stUdies 31.3-47.1 percent). 

we liset'i · that the study authors correctly interpreted that the 
tnc~·Of tntersttttal cell tUMOrs of th~ testes in htth-dose .. lts 
(1/Ql .. ,.. c_.l'td to controls (1115) wes pr'OHitly related to tnc••• s.nhal hi the •les, Witch resulted tn •re late-appHr1nt 
t_,.. Tile tnctdence of the ftndtnt til ftn.l sacriftct •les vu 
1/41 1n tl'll h1gfl-dose troup and 1/31 1n controls: tn thOse "'*' dted 
bttWitn 13·24 IIOtlths, tht 1nc1dtnce ws 1/20 tn the 1'11th-dose group 
and 0/34 tn controls. Historical control 1nc1dtnce for 1nterstttta1 
call ~u.rs tn ten.tnal sacrtftct ant .. ls was I percent (rlftll, 0-11 
percent). Tflt tnctdence tn 1'11gh-dose .. 1es ws 12 percent tn the 
c11rrent study. 

25 
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T1• to •-ry tumor could not be calculated since the individual 
animal dispost~ion tabulations vert not provided. However, we noted 
that 8/25 high-dose femeln (tCMIPared to 0/22 controls) had 1111-ry 
adenocarcln0111s by 13 months (Tablt'lO). 

weekly palpation data were avi1lablt for all anl111ls.. These data 
were checked against the gross and histologic findings to dtttl'ftllne 
if all in-life IIISSts were followed ~hrough with a gross finding and 
a histologic diagnosis. The data for all .. les were checked 11 well 
u the data for high-dose f,..les. Mnstf. that disappeared were 
checked for the first and last day of observation. 

In the high-dose ftlllllts; '""" than to percent of all •sses observed 
in-11ft persisted unt11 sacrifice or death. Tlltrt were none that 
diseppeared in the last 2 months of the study. The followup at gross 
and histologic exa11ination was excellent. For ,,..,, 8364 there was 
no section for a 111ss and for ftllllt 8421 the •sses were lost; 
ft111lt 8183 had a small •ss that was not a tu.or and feMilt 8330 had 
an abd011lnal •ss but no tumor at gross or histologic exa11ination. 
All other .. sses had a histologic diagnosis. 

In .. 1es, there were several ~~asses that were transient. r.all 111sses 
that persisted were conftr-.d by gross or histologic exaMination. 
The follOitring lhts in-11fe 111sses that disappeared in •les: 

Dose llo. ani .. ls 
( PJIII) No. ani .. ls with .. sses No. MUSts 

D 10 20 32. 
10 70 11 36 
70 70 17 43 

500 70 25 42 
1000 to 27 56 

• ...... .-.'""•,N"a 

In In": control lilts ancl in tw higll-dost 111111 •sses not sttn 
in- .. · wrt fOIIIICI on gross •••inat1on ancl confi.-d llhtolntically • 
.....:ef tiM Mlts that died by lllllltll 11 ancl none ioiMit were sacrtficed 
at';ft .. till had -ry t-"· "-rr t .. n in Mlts were as 
ro11M: control, f1broeden.. (1051); 10 ,., adenocarcinOIIt (7105), 
fibrMd- (7tol); 70 ,., f1broeden011t (7t51); 500 pJIII, adenOIIt 
(7701), fibroadtnOIIt (1017); 1000 ,., adenocarctno~~ (1013), fibroMa 
C7ftl). Otlltr Mssts wre d1atnoltd 11 abcessn, plactocotlts, 
H..-s, ftbr..s, PtP111011ts, llht1ocyt1c sarc-s, Qllhl tland 
carcinOIIts, ate. In tw Mlts recetvint 1000.,. (11030 ancl 3811), 
late appurint Milts were not found on grou ex•tnation. It is our 
asses ... nt that the tross ancl hhto1ot1c fo11owup of tn-11ft Mssts 
we s excellent . 
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There was an increase in several hyperplastic lesions in rats 
receiving 1000 fPm atrazine. The increase 1n hyperplas1a of the 
transitional ep the11um in kidney and urinary bladder in high-dose 
fe.~les is probably compound related. The increa'e 1n ac1nar 
hyperplu1a of the 1111111111ry glands and in epithel111 hyperpluia of 
the prostate in high-dose males could be comp~und related and/or the 
result of increased surv1val in th1s group. Other lesions noted 1n 
h1gh-dose ani111ls such as 1111scle degeneration (males and ft~~~les), 
retinal degeneration (ftMiles), and pelv1c catcu11 in the kidney 
(llllles) ere non~ally occurring lesions of aging. 

'The decrease in red cell paraMeters in high-dose fe.~les and increase 
1n 11Yelo1d hyperplasia end 1ncreesed e~etre•dullary nfllltopo1esis in 
fe.~les rece1v1ng 500 or 1000 PPIII atrazine lilY be a consequence of 
the develo~nt of 111..ary tu.ors. 

The incrrtues 1n organ-to-body we1ght rat1os noted in the study are 
pr1111r11y due to decreased body weights. The effects of triglycerides 
and glucose lilY also be related to the ueight loss. When all chronic 
to~e1city para.aters are considered it is reasonable to set 1 LOEL at 
500 PPM and I NOEL at 70 PPM· 

The study was well conducted and adequately reported. once 1nd1viduel 
an1MI1 d1sposit1on data are provided, the study can be clusUied 
Core Guideline. 
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